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,NATIONAL A-DVISOjTiY COh*%ITTEE FOFf AERONAUTICS 

REPORT 

FLXGET TESTS OF F2A-2 AIRPLAXE WI!l" FWZL-SPAN SLOTTED 

FLAPS AHD TRAILIIIG-EDGE AHD SLOT-LIP AILERONS 

By Joseph W. Wetmore and Rfchard H. Sawyer 

F l igh t  t e s t s  were made of a Navy F2A-2 a i rp lane  
s p e c i a l l y  equipped with. ful l- span NACA s l o t t e d  f laps  and 
with two s e t s  o f  l a te - .  a1 controls :  i n t e r n a l l y  balanced, 
sealed a f l e rons  on the f l a p  t r a i l i n g  edge f o r  use w i t h  
f l a p s  up 2nd s l o t - l i p  aklorons, imiedia te ly  forward o f  
the f l aps ,  for use w i t h  f laps  down. The t e s t s ,  made 
w i t h  various f l a p  pos l t ions  r a n g h g  from n e u t r a l  t o  50°, 
included de tern ina t ion  of e f fec t iveness  and s t i c k  forces  
of th5 t w o  a i l e ron  systems, power-off rnaximm l i f t  coef- 
f i c i e n t s ,  and s t a t i c  longitucifnal s t a b i l i t y .  

The e f fec t iveness  of the t ra i l ing- edge a i l e rons  was 
somewhat lov~r, p r imar i ly  became o f  l ack  of  r i g i d i t y  i n  
the cont ro l  system; the s t i c k  forces  vvere f a i r l y  l a rge ,  
probably a s  a r e s u l t  of leakage through the a i l e r o n  s e a l .  
Tho s l o t - l i p  a i l e rons  were very e f f e c t i v e ,  p a r t i c u l a r l y  
a t  l a rge  f l a p  de f l ec t ions ;  w i t h  a sl ight  modification o f  
the cont ro l  l inkage,  the s t ick- force  c h a r a c t e r i s t i c s  
would probably be sa t . i s fac tory  f o r  a11 condit ions under 
which these a i l e rons  would be used, The highest  maximum 
l i f t  coef f i c i en t ,  Yvhich occurred a t  a f l a p  d e f l e c t i o n  of" 
about ibOo, was 2.1;3. 
30.4 percent o f  the mean aerodynamic chord and with 
engine idling, the a i rp lane  had pos i t ive  s t a t i c  longi-  
tud ina l  s t a b i l i t y  f o r  all condit ions t e s t ed ;  w i t h  l eve l-  
f l f g h t  power, the s t a b i l i t y  decreased with increasing 
f l a p  deflec ' t lon 2nd the a i rp lane  became unstable f o r  
f l a p  de f l ec t ions  o f  4.0' and 50' a t  ser2vice indica ted  a2r- 
speeds below.100 m i l e s  per hour, 

With the center  o f  g r a v i t y  a t  

IETTRODUC T I O N  

The r e s u l t s  of' wind-tunnel t e s t s ,  cons t i tu t ing  a 
p a r t  of the  nrogram of research by the National Advisory 



2 

Corn-cd.ttee for Aeronautf e ra l - con t ro l  devices f o r  
u s e  with ful l- span fla? t ed  t h a t  a double system 
cons is t ing  o f  p l a i n  t ra i l i rg-odge  a i l e rons  f o r  ths 
f laps-up eondi.tion and s l o t - l i p  a i l e rons  for the flaps- 
dowfi cond.ition would provide s a t i s f a c t o r y  cont ro l  f o r  an 
a i rp lane  having fu l l- span  NACA s l o t t e d  f l a p s  ( reference 1). 
An P2A&Z Eiirplarie was therefore  equipped w i t h  these de- 
vices and f l i g h t  t e s t s  w6re conducted, 

The r e s u l t s  of the f i r s t  s e r i e s  o f  f l i g h t  t e s t s ,  de- 
s i g n e d  t o  ind ica te  the fundaxentsil c h a r a c t e r i s t i c s  of the 
ful l- span s l o t t e d  flaps and l a t e r a l - c o n t r o l  systems, a re  
presented he re in ,  Th.ese r e s u l t s  include the e f fec t ive -  
ness and s t ick- force  c h a r a c t e r i s t i c s  o f  the two a i l e ron  
systems, the maximum l i f t  coe f f i c i en t s  obtainable with 
the fu l l- span  s l o t t e d  f l a p s  with engine i d l i n g ,  and the 
s t a t i c  longitud.ina1 s t a b i l i t y  f o r  one center-of-gravity 
posit?.on, both with engine i d l i n g  and with bevel- f l igh t  
power. The t e s t s i n  most  eases covered f l a p  dsf2.eoticms 
rangfng from neu t ra l  t o  7 0  c - 0  by 2.0' i n t e r v a l s .  

AIRPLANE 

A R a v y  F2A-2 a i rp lane ,  f i t t e d  w i t h  a .special. wing 
incornorat ing fixll-3-oan NACA s l o t t e d  f l a p s  and both 
i n t e r n a l l y  balanced, t ra i l tng-edge a i l e r o n s  and s l o b l i p .  
a i l e rons ,  was used for the t e s t s ; ,  Several views of' 
the a i rp lane  a r e  givevrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr i n  f igu res  1 t o  4 and a.aket ; th .  
showing the plan-view arrangement of the devices i n  the-*, 
wing i s  given i n  f igure  5 ,  

The design of the  s l o t t e d  f l aps  i s  based on NACA 
s l o t t e d  f l a p  2-h, desc-r.ibed i n  reference 2 .  Ike flaps- - 
mov3 rearward as def l ec ted  and follow a pa th  approxi- 

?FL?z,) 
a hydraulio motor and t ransmit ted t o  the f l a p s  through a -  . 
t o r s i o n  shaft and screw jacks.  An e l e c t r i c a l  -selector. 
and l i r r i i t  switches p r o v l d s  nominal f l a p  de f l ec t ions  of OQ, 
loo, 20°, J O o ,  bo", and 50'. The r e l a t i o n  between a c t u a l  
f l a p  de f l ec t ions  and nominal f l a p  de f l ec t ions  i s  shown i n  
f igure  7. 

the optimum path defined i n  reference 2. (See 
Power f o r  opezating the flaps i s  generaked by^ 

The t ra i l ing- edge a i l e rons  are  o f  narrow chord and 
Large span ar,d c o n s t i t u t e  the t ra i l ing- edge port ions  of 
the flaps. TLie aileroxls a r e  of the sealed,  i n t e r n a l l y  
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balanced type, as s h o k  i n  f igu re  8. They have! an equal 
up-and-doyn ,motion si?d are operated. through push-pull rod 
S y s t e m s  contained within the f laps ,  These a i l e rons  
contlnue En operation as  the f l a p s  are  def lec ted  from 
neutral t o  about 18O, where an autonat ic  change-over 
devi.ce l o c k s  ths a i l e rons  i n  neu t ra l  pos i t ion  w i t h  respec t  
t o  the f l a p s  and engages the s l o t - l i p  a i l e r o n s .  

spoilerds, whjch in. the. neutral position form the l i p  o f  
the flap s l o t ,  as sh,own i n  f igure  8. 
i n  operation fcjr all f l a p  de f l ec t ions  from 18O t o  full 
down and.are ,  locked i n  n e u t r a l  f o r '  smaller  f l a p  def lec-  
t ions .  T ' l~e  slot-lip a i l e rons  are  actuated through a 
push-pull r o d  system. Springs a re  incorporated i n  the 
cont ro l  system t o  prevent overbalance OS the con t ro l  
fo rces  due t o  the  combtnation of t h 3  s t r o n g  upfloat ing 
tendency of  t he  ailerons ani? .theer ex.treme d i f f e r e n t i a l  
mot i on, 

T I I ~  s l o t - l i p  a i l e m n s  are '  e . sse&t iz l ly  upper-surface 

These a i l e rons  are 

. .  

A new horizontal tsif of' g rea te r  m e a  and aspect  
r a t i o  than thg ni?igina.'l.F2A-2 t a l 2  was used t o  ensure 
1angitud.inal trim and stability with the full-span f l a p s .  

Per t inent  airplane ' s p e c i f i c a t  Tons and dimensions . .  
. . .  

, , *  , .  f o l l o w  : 
. I  

. a  Y V i  ng : . I '  

Span . . . . . . . . . . . . . . . . . . . . . . .  35 f t  
Area (including 30.3 sq f t  o f  fuselage). .. 2O8,9 sq f t  , .  

TiJing fl,aps (:~:A:CA' s lo. t t ;ed tType) : 
T o t a l  area . . . . . . . . . . . . . . . . .  l&.S sq f t  

29 
32 

Flap senispan . . . . . . . . . . . . . . . . .  I)-Cft h-- i n .  
. I  

. I  

Travel  . . . . . . . . . . . . . . . . . . . . . . .  500 
Chord ( 25  v e m e n k  of.mean t ~ f n g  chord) . . . .  l7.047 i n ,  

Trailing-e dge a i  1 3  rolrrs :' 
1 Span ( e a c k )  . . . . . . . . . . . . . . .  9 f t  10- i n ,  

Chord (1'3 percent.mean wing chord) . . . . . . .  7 in .  

Trave!. . . . . . . . . . . . . . .  17.6' up, 17.6 down 

4 
Are% (rearward oLn hlnge line, each)  . . . .  'j.60sq ft 

Balance area (each)  . , . . 1.76 sq f t  
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S l o t - l i p  a i le rons :  
Span (each} . . . . . . . . . . . . . . .  6 ft 10% i n .  
Chord (3.0 percent  o f  mean wing chord) . . . . . .  7 in.  
Area (rearward o f  hinge l i n e ,  each) . 0 4.0 sq  ft 
Travel  . . . 0 6 *42° up, 9’ down 

S t a b i l i z e r :  
( a )  Raw 

Area ( including 4.86 sq f t  
of fuse lage)  . . . . . . . . . . . . .  30.2 s q f t  

Iriciaence t o  thrust; axis . . . . . . . . . .  15’ 

 rea {including 4.86 sq f t  
o r  f ~ e i i z g t ? )  . . . . . . . . . . . .  22.6 sq ft 

Incidence t o  thrust a x i s  . . . . . . . . . .  15’ 

(b) Original  

Elevators:  
( a )  New . . . . . . . . . . . . . . . .  S9,an ll+. ft 93 4 in. 

A r e a . ,  . . . . . . . . . . . . .  . 18.8 sq f t  
Travel  . . . . . . . . . . . . .  28’ up, 200 down 
Tr%rn-t;ab area  . . . . . . . . . . . .  0.59 sq f t  

Span . . . . . . . . . . . . . . . .  12 ft 6’ in .  
Area . . . . . . . . . . . . . . . . .  16.9 sq ft . . . . . . . . . . . . .  28’ up, 20° down 
Trim-tab area  . . . . . . . . . . . .  1.0 sq ft 

(b ) Origfnal 

4 
. Travel  

Vertical. f i n :  
Area . . . . . . . . . . . . . . . . . . . .  10.3 sq f t  
d f f s e t  . . . . . . . . . . . . . . . . . . . . . . . .  OO 

3 e 
Rudder : 

Vert ica l  span . . . . . . . . . . . . . . .  5 f t  10- i n .  
Area (rearward of hinge)  . . . . . . . . . .  8.2 sq  ft 
.Travel . . . . . . . . . . . . . .  30° l e f t ,  30 r i g h t  
Trfrn-tab area . . . . . . . . . . . . . . . .  0.45 sq ft 

Distance from e leva to r  hinge l i n e  t o  leading edge 
of wing a t ’  center  lir ,e o f  fuselage 

of wing a t  center  l i n e  of  fuselap . . . .  i? ft 

. . . .  18 ft 4’ i n .  4 

4 
Distance from rudder hinge l i n e  t o  leading edge 

1 in. 
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groas weight (original wing and t a i l )  . 5311 lb 
8s flown f o r  t e s t s  . . . . . . . . . . .  5765 lb 
center-oT-gravity pos i t ion  ( o r f g i n a l  

Of grav i ty  6s  flown (wheels 
and b a l l )  . . . . . . . . . . .  25 percent M.A.C, 

c?own) . . . . . . . . . . . . . .  30.4 percent M . A . C *  
Engine . . . . . . . . . . . . . . . . .  ;Wight 11-1820-40 
f;ngine m t i n g  . . . . .  900 hp at 2300 rpx at 14,000 ft 
Gear r a t f o  . . . . . . . . . . . . . . . . . . . . .  3:2 
Propel ler  . . . . . . . . .  Curtiss e l e c t r i c  ( w i t h  c u f f s )  

D i a w t e r  . . . . . . . . . . . . . . . . .  10 f t  3 in .  
Ekmber of blades . . . . . . . . . . . . . . . .  Three 

The r e l a t i o n s  betseen c o n t r o l - s t i c k  pos i t ion  m d  the 
de f l ec t ions  of the traLling-edge ailei?ons, the slot-lip 
ailerons, and t m  e leva to r  a re  shown i n  f igures  -9 t o  11. 

The followizg IJGA photographically recording Ins t ru-  
ments xere i n s t a l l e 6  +n ths airplane:  

I t e n  xeasured NACR instrument 

Time 

Airspeed 

1 --second chronometric timer 
. 2  

~i r spse  d r e  corder  

P o s i t i o n s  o f  cont ro l  s t i c k  Three-element control-  
and r u d d e  r ps d a l  s pos i t ion  re  corder 

Posftions of r i g h t  a i l e rons  

Rolling veloc i ty  ’ Angular-veloci t y  recorder 

Yawing veioci  ty Angular- ve 1 o c i  t y  r e  corder 

Hamaf, longi tudina l ,  ana fiecording three-component 

Anij;-Le o f  p w  Recording yaw vahe 

E l e c t r i c a l  control- posi t ion 
re  COT de r s 

1 l a t e r a l  hcce lera t ion  accelerometer 

llilerori a d  e l e v a t o r  s t i c k  Stick- force recorder 
forces  
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A l l  the recording instruments wei-e synchronized by 
the timer. The ai rspeed recorder was connected t o  a 
swiveling s t a t i c  head, f r e e  t o  ro t a t e  i n  both p i t c h  and 
yaw, and t o  a shielded total-head tube, bo th  of which 
were mounted on a boom extending 1 chord ahead of  the  
r i g h t  wing t i p .  The yaw vane was mounted on a s i m i l a r  
boom on thne l e f t  wing t i p .  The three-element control-  
pcs i t ion  recorder  aas s i t u a t e d  i n  t h e  cockpit  near the 
base o f  the  s t i c k .  The e l e c t r i c a l  control- posi t ion 
recorders were mounted on the  ujjper surface of‘ the right 
wing, ea.ch forward o f  the a i l e r o n  t o  which i t  was con- 
nected. The angular- veloci ty  recorders and the three- 
component accelerometer were placed as near  the center  
l i n e  and the center  o f  g r a v i t y  of the a i rp lane  as 
f ea s ib i e ,  The original s t i c k  was rsplaced by a s t i c k  
lncorporat tng the s t ick- force recorder.  

‘!?he a f l e r o n  t e s t s  cons:sted i n  making abrupt a i l e r o n  
rolls, during tvtlich the posltions o f  the a i l e rons  and 
s t i c k ,  the  a i rspeed,  the sti .ck fo rce ,  the yaw angle, and 
the rolling and yawing angular ve loof t ies  were recorded. 
The cont ro l  s t i c k  was abrupt ly  moved e i t h e r  t o  the r i g h t  
or t o  the l o f t  from i t s  n e u t r a l  pos i t ion  and held i n  i t s  
def lec ted  pos i t ion  u n t i l  rnaximui rolling veloc i ty  was 
a t t a i n e d ,  The nrdder was held in neu t ra l  throughout the 
maneuver, Bo th  f u l l  and p a r t i a l  cont ro l- s t ick  def lec-  
t ions  were made by usfng a chain fSxed t o  the top  of  the  
control. s t i c k  and t o  the sfde o f  the f’uselage as a stop.  
These abrupt a i l e r o n  rolls were recorded a t  various 
afrspeeds throughout a considerable speed range f o r  a l l  
f l a p  s e t t i n g s ,  general1.y i n  i eve I  f l i g h t ;  a few test ;s 
were taken w i t h  engine idlEng f o r  the  f laps- neut ra l  condi- 
t i o n  ( t r a i l ing- edge  i? I l e r o n s )  . The p i l o t  observed f ree-  
a i r  temperature and pressure a l t i t u d e  t o  permit determina- 
t i o n  of  t rue  a i r speed  f rom the recorded impact pressure ,  
The maximum rolling ve loc i ty  and t rue  a i rspeed were used 
t o  de tera ine  the h e l i x  angle generated by the wing t i p s  
a s  a measure o f  a i l e r o n  ef fec t iveness .  m e  s t ick- force  
values used were the values obtained a t  the time t h a t  
m a x i m u r n  rol!,ing ve loc i ty  occurred, The lag o f  the 
a i le rons  was defined as the time between the  s t a r t  of 
the movement cf the a i l e rons  and the beginning of rolling 
motion, 



The records of  yaw angle and yawing angular ve loc i ty  
were not  evaluated except i n  a few cases  f o r  which i t  was 
dcs i red  t o  compare the motion of . the a i rp lane  obtained 
w i t h  the s l o t - l i p  a i l e rons ,  f l a p s  down, w i t h  the  motion 
obW.mC!. with the t ra i l ing- edge  a i l e rons ,  f l a p s  up. 

For the Geteminat ion  of maximum l i f t  c o e f f i c i e n t s  
and s t a l l i n g  c h a r a c t e r i s t i c s ,  s t a l l s  w i t h  engine i d l i n g  
were made f o r  a11 f l a p  s e t t i n g s  from neu t ra l  t o  full 
down, For each f l a p  s e t t i n g  the a i rp lane  was t e s t e d  
with extended and r e t r a c t e d  pos i t ions  of  the landing gear 
and open and closed pos i t ions  o f  the cockpit  hood. 
s tal . ls  were aFproached as s t e a d i l y  and gradual ly  as was 
prac t icable  t o  a v o i d  dynamic e f f e c t s .  Records were 
taken ofq impact pressure, pos i t ion  o f  the cont ro ls ,  and 
motion of the  air-olane throughout the approach and s t a l l .  
In order  t o  co r rec t  the recorded s t a l l i n g  speeds for 
pos i t ion  e r w r ,  t h e  ?,3st a i rspeed I n s t a l l a t i o n  was 
ca l ib ra ted  by flying alongside snobher a i rp lane  for which 
the a i rspeed c a l i b r a t i o n  was known and taking records 
simultaneously i n  bo th  a i rp lanes  , The c a l i b r a t i o n  was 
made with eilgine M l i n =  a t  several airspeed.s close t o  
and including the s t d l i n g  speed wlth a l l  f l a p  s e t t i n g s .  

The pos i t ion  of the  e l eva to r s  and the airspeed,  read 
f rom the i n i t i a l ,  stead;T-flight p a r t  o f  the a i l e r o n- r o l l  
records,  provided the information required f o r  the de te r-  
mination of  control- f ixed,  s t a t i c  longi tudina l  s t a b i l i t y  
i n  the  leve*L-fliglnt power condition. S imi l a r  in-forma- 
t i o n  for the eng i re - id l ing  condit ion was obtained from 
the  a i r speed  c a l i b r a t i o n  and s t a l l  t e s t  records. Some 
of' these series of t e s t s  were made w i t h  f i xed  e leva tor  
tr im- tab s e t t t n g  i n  order t h a t  an Indica t ion  of control-  
f r ee  longitudinal s t a b i l i t y  might be obtained f rom the 
s t ick- force measu.rements. 

The 

All t e s t s  were made a t  r e l a t i v e l y  low a l t i t u d e s ,  

A s  used i n  t h i s  repor t ,  values o f  service  indica ted  

t5at i s ,  betweer- 5000 and 10,000 f e e t ,  

a i rspeed V i s  were detkerrnined from the  r e l a t i o n  
Vis = b5.l fotbT, where f o  i s  compress ib i l i ty  f a c t o r  
for standard se-a-level condit ions and qc i s  impact 
pressure i n  inches of water as measured with the t e s t  
a i rspeed ins t a l l ca t ion  . Unless otherwise s t a t e d ,  V i s  

' i s  n o t  corrected f a r  e r r o r  due t o  p o s i t i o n  o f  airspeed 
head, 

...^ 
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RZSPXTS AXD DISCUSSION 

Aileron Charac te r l s t i c s  

TrailinG-edge a i l e rons .  - In accordance w i t h  present  
NACA 5 a c t i c e  ( reference 3 1, the  e f fec t iveness  of  the 
a i l e rons  i n  producing roll i s  considered as defined by 
the he l ix  angle generated by the wing t i p s  as a r e s u l t  
o f  abrupt a i l e r o n  displacement; the value o f  the h e l i x  
angle i n  radians i.s given 5y th3 computation o f  pb/2V, 
where 

P r o l l i n g  anry-ilar ve loc i ty  

b wfng span 

V t rue  al.rspeed 

The e f fec t iveness  of the t ra i l ing- edge a i l e rons  i s  
g lven in f igure  1 2  a s  a p l o t  o f  
a l l e r o n  cleflectlon f o r  se rv ice  indica ted  ai rspeeds V i s  
ranging f rom 90 t o  229 miles p e r  hour w i t h  f l a p s  neu t ra l  
and. from. 85 t o  14.9 miles p e r  h o * w  with a f l a p  s e l e c t o r  
set t i r ig  of l o o .  The a i l e r o n  ef fec t iveness  i s  shown t o  
vary p r a c t i c a l l y  l i n e a r l y  w i t h  a i l e r o n  angle and, f o r  a 
given a i l e r o n  angle, t o  be e s s e n t f a l l y  independent of 
airspeed and f l a p  de f l ec t ion  within the ranges t e s t ed .  
The maximum va7,ur;s of pb/ZV a t t a ined ,  however, were i n  
a l l  cases l e s s  than 0.07, which i s  suggested i n  r e f e r -  
ence 3 t o  be the iiiinimwn s a t i s f a c t o r y  value. 

pb/2V agains t  r i g h t  

The low e f fec t iveness  of  the t ra i l ing- edge a i l e rons  
can be a t t r i b u t e d ,  i n  a la rge  measure, t o  the excessive 
e l a s t f c i t y  i n  the ailerol?, cont ro l  system, whi.ch reduced 
the a i le ron- def lec t ion  range a t t a i n a b l e  i n  f l i g h t  t o  
considerably l s s s  than the desfgn range of t17.5O even 
a t  the lower speeds. For example, the maximum a i l e r o n  
d e f l e c t i o n  obtained w i t h  f u l l  s t i c k  de f l ec t ion  was about 
160 at a service indica ted  airspeed of 90 miles pe r  hour 
and about 12O a t  216 miles yer hour; the corresponding 
values o f  pb/2V wer- about 0,065 and 0,050,  respectively.  
The e l a s t f c ' i t y  i n  the a i l e r o n  cont ro l  system i s  indicated 
in f igure  13 ,  which shows the r e l a t i o n  between s t i c k  force 
and deflectLon of the a i l e r o n  due t o  e l a s t i c  deformation 

For  a s t i c k  fo rce  o f  
only 30  pounds, the  de f l ec t ion  was reduced by 5.5', o r  
more than 30 percent.  Tests on the ground, whereby the 
p o s l t i o n s  of  various elements of  the cont ro l  system were 

, of the con.trol system under load. 
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measui-ed with am3 withou-t a load on the a i l e rons ,  ind i-  
cated t h a t  the g r e a t e r  p a r t  o f  the reduction i n  a i l e r o n  
t-ravel r e s u l t s  fr.om to r s iona l  dePl-ection of  a p a i r  o f  
to rque  tubes i n  .the system. 

The fo r ce  s h a r a c t e r i s t i c s  of the  t ra i l ing- edge 
a i l e r o m  f o r  the f l aps- neu t ra l  condit ion are  presented 
i n  f igi i re  111.. iis e f f e c t i v e  hinge-moment c o e f f i c i e n t  
Dlotte?. aga ins t  right aile.ron d e f l e c t i o n ,  ?'he e f f e c t i v e  
hinge-lilornen-b c o e f f i c i e n t  Che 1 s  defined as  the average 
117 l'lge-mGn?eil'b c o e f f i c i e n t  o f  the up&ofng and downgoing 
ailerons kiclu+.inC the e f f e c t s  o f  s teady r o l l i n g  and i s  
obtafnecl from the  ra ls t l .on 

- F3-k 
CF+ -* 

----- 
_cI 

s s t i c k  f'o-me, pa:xnd!s 

2 s  length o f  s t i c k  from grip t o  p ivot ,  f e e t  

Sa t o t a l  a rea  o f  both  a f l e rons  back o f  hlnge ax i s ,  
square f e e t  

I ca mean ai.13ron chord, f e e t  

dynamic pressure, ponncls per square f o o t  

dGj, 
__c r a t e  of change of a i l e r cn  de f l ec t ion  with angular 
d6 s s t i c k  displacement, with n o  load on a i l e rons  

In u s i n g  t h i s  relat',on, i t  was a s s m e 3  t h a t  the mechani- 
c a l  advantage o f  the control  system w d s  not  ma te r i a l ly  
changed. by t h e  e l a s t l s i t y  i n  the system. For the 
Dyesent Case, the r e l a t i o n  reduces t o  

PS cke = 0.322 -g 

With the exzeption o f  the p o i n t s  obtained a t  an airspeed 
of' C/O miles qer  houra  the va r f r t fon  of  C h e  with a i l e r o n  
an@e f o r  all aj-rsneeds tes ted  i s  deffned peasonably well  
by  i. s ingle  s t r a i g h t  l i ne .  'The displacement f r o m  this  
l i n e  of the  points  f o r  V i s  = 90 mlles per  hour i s  
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probaSLy due, t o  ii. la->ge ex tent ,  t o  the e f f e c t s  o f  f r i c -  
t j o n  and we1gb.t moments i n  the cont ro l  system, which are 
largely obscured a t  the higher speeds by the g r e a t e r  
c7.eTodparntc forces .  

The va r i a t ion  w i t h  se rv ice  ine ica ted  ai rspeed o f  
a i l e r o n  def lec t ion ,  efi 'ectiveness, and s t i c k  force  f o r  
P u l l  con t ro l - s t i ck  de f l ec t ion  derived from the f a i r e d  
C ' L I T V ~ S  of f igupes 12 t o  14 is p lo t t ed  i n  f igu re  15. A t  
speeds f o r  which the s t i c k  force wfth f u l l  cont ro l- s t ick  
def ' lectjon exceeds 30 pounds, values corresponding t o  a 
3O-pomd st-ick force a re  a l s o  given. 
n e r  hoilr, the value of  pb/2V a t t a i n a b l e  i s  shown t o  be 
on1.y about 0,052. The corresponding s t i c k  force  i s  

A t  V i s  = 200 miles  

28 9o?xnes. 

FxtraDo1atio.n o f  the  da ta  o f  f i g u r e s  12 and 14- in -  
d?ca tes  that ,  i f '  the  a i l e rons  could be def lec ted  s u f f l -  
c i e n t l y  t o  produce a ob 2 V  o f  0.07, the s t i c k  force 
requlred would be about (5 nounds a t  T J i s  200 miles 
pe r  hour ( 3 0  percent of max imum l e v e l- f l i g h t  sneed),  
or 50  percent in excess o f  t h e  value considered sat is-  
f m t o r y  i n  reference 3 .  From the flisht t e s t s  of 
reference 4 w i t h  i n t e r n a l l y  balanced and sealed a i l e r o n s  
havlng twice the p a t i o  of a i l e r o n  chord t o  wing chord 
o f  the present  a l l e ron ,  hinge-moment c o e f f i c i e n t s  only 
h a l f  as g r e a t  as  those o f  f igu re  3.4 were obtained. 
Calculations o f  the hi-nge-aoment c o e f f i c i e n t s  o f  the two 
s e t s  o f  ailerons, baq:d on the r e s u l t s  of numerous wind- 
tunnel t e s t s  of sealed a i l e r o n s  and f l a p s  of various 
chords, fndica te  th.at the present  a i l e r o n s  should have 
somewhat lower hinge-moment c o e f f i c i e n t s  than the a i l e r o n s  
of reference 4. 
o f  reference 4 were continuous over the e n t i r e  span of the 
a i l e rons ,  whereas the seals i n  the present  a i l e rons  are 
broken a t  each of four hfnge brackets ,  may account for a 
considerable pa r t  o f  the  apparent discrepancy because i t  
h n s  been fou5d t h a t  small leaks  through the s e a l  of  
i n t e r n a l l y  balanced. cont ro l  surfaces  cause a marked re-  
duction i n  the e f fec t iveness  of' the balance, 

The f a c t  that  the s e a l s  i n  the  a i l e rons  

"lie p i l o t f  s opinion of the t ra i l ing- edge a i l e rons  
'3.s i n  agreement wlth the mezsured r e s u l t s  i n  t h a t  he con- 
sidered the rolling a c t i o n  r a t h e r  weak and the s t l c k  
forces  heavy a t '  the higher  sgeeds, 

s i b l e  t h a t  Lncreaslng the to r s iona l  s t i f f n e s s  o f  the 
Prom the foregoing consideratfans ,  it appears pos-  
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toi*que tubes i n  the a-ileron cont ro l  system, fncreasfng 
khe no-load d e f l e c t i o n  range of the  a i l e rons  t o  about 
-fr20° t o  allow f o r  the res idual  e l a s t i c i t y  i n  the cont ro l  
system, and more e f f e c t i v e l y  sea l ing  the a i l e rons  might 

the ailer7on c h a r a c t e r i s t i c s  sati s factory.  

S l o t - l i p  ai1orons.- Thc va r i a t ion  i n  pb/2V and 
s t i c k  force w i t h  d e f l s c t i o n  o f  the upgoing s l o t - l i p  
a i l e r o n s  a t  various T:sl*ues of se rv ice  fndicated ai rspeed 
i s  given f o r  riominal 'flap s e t t i n g s  o f  200, 300,  bo0, 
and 50° i n  fcgures 16  t o  19. For all f l a p  s e t t i n g s ,  
the r a t e  o f  chang,s o f  pb/2V w i t h  a i l e r o n  d e f l e c t i o n  
decreases w i t h  increas ing  a i l e r o n  de f l ec t ion  u n t i l  a t  . 40" t o  115' the slope becomes s o  shallow as  t o  ind ica te  
t h a t  l i t t l e  gain i n  e f fec t iveness  could be r ea l i zed  by 
going t o  g r e a t e r  de f l ec t ions  . The a f l e ron  ef fec t iveness  
for a given de f l ec t ion  appears t o  he p r a c t i c a l l y  Waf-  
f ec ted  by v a r l s t i o n  i n  aijrspaed but increases  progres-  
sively with increase i n  S lap  s .e t t ing.  For a nominal 
f l a p  ss 'ct ing of' 2d0, an upward def l ec t ion  of the s l o t -  
l i p  a f l e rons  of' about 30° i s  requfred t o  give a pb/2V 
of 0.07; whemi?s, f o r  a rzonina?. f l a p  s e t t i n g  of 500, an 
a i l e r o n  d e f l e c t i o n  of botwesn 90 an6 120 i s  s u f f i c i e n t  
t o  give the same of fec t iveness ,  The maximum values 
o f  pb/2v a t t a i n e d  with approximately f i n 1 1  de f l ec t ion  
of  the a i l e rons  average (from r o l l s  i n  both d i r e c t i o n s )  
about Oe06t, and about 0.150 with t h e  20" and T O 0  nominal, 
f l a p  s e t -t 1 ng 3, r e s~ e c t i ve 1 y . 

Two curves of s t i c k  force a re  given for each value 
of service  indica ted  ai rspeed l n  f fgures  16 t o  19, one 
deflnfng the va r i a t ion  i n  measured s t i c k  force with 
de f l ec t ion  of the s l o t - l l p  a i l e r o n  an6 the o ther  def ining 
the correspond:-ng v a r i a t i o n  i n  aerodynamic s t i c k  force  
(rnsasursd s t i c k  force l e s s ' s t i c k  force  due t o  springs i n  
coiltrol system)". ~ j e  .asrodynam,ic s t i c k  fo rces  i n  a l l  
cases are  s t ab le  f o r  small  aflerori d e f l e c t i o n s ;  t h a t  i s ,  
the aerodynamic forc,s would re tu rn  t h o  cont ro ls  t o  
neu'cral f r c m  small dfsplaceEents, A s  the a i l e r o n  de- 
f l e c t f o q  is Increased f a r t h e r ,  howe-ver, i t  i s  shown that ,  
without the spz-ings, the s t i c k  forces  would reverse a t  
low airsneeds f o r  a l l  f lap def lec t fons  t e s t e d ,  This 
overbalancing tendency increases  w i t h  f l a p  de f l ec t ion ;  
with a nornlnal f l a p  s e t t i n g  or" 20: r eve r sa l  of the  
aerodynanfc s t i c k  force would occur only a t  V i s  l e s s  
than 73 mi le s  p e r  hour whereas, w i t h  the T O 0  nominal f l a p  
se t t ing ,  t1i4 r eve r sa l  would occur a t  a i r s m e d s  a t  l e a s t  as 
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grea t  as ll9 miles per hour. The spr ings i n  the cont ro l  
system prevent a c t u a l  reversa l  o f  the  s t i c k  forces ,  a t  
l e a s t  for a l l  the conuit ions t e s t ed .  

With a flap se lec to r  s e t t i n g  of 20°, the s t i c k  
forces  increase very  r a p i d l y  with a i r speed  as  a resul t  of  
the combined e f f e c t s  or' increas ing  dynamic pressure and 
decreasing upfloat ing tendency o f  the a i l e rons  , The 
aerodynamic s t i c k  force corresponding t o  a 30° def l ec t ion  
of  the upgofng a i l e r o n  (pb/2V = 0.07) i s  between 1 and 
5 pounds a t  79 miles per hour and about 25 pounds a t  
119 miles per hour; the spr ings increase the fo rces  t o  
about 1.4 pounds a t  the  lower  speed and t o  between 35 
and 40 pouncls a t  the higher speed. 

The r e l a t i o n  between a i l e ron  d e f l e c t i o n  and s t i c k  
de f l ec t ion  f o r  -the s l o t ; - l f p  a i l e rons  was p r a c t i c a l l y  the 
same i n  flight as  on the gromd, vvhfch ind ica tes  that 
there  i s  no appreciable e l a s t i c  deforination i n  the con- 
trol system of these ailerons under load,  

Time h i s t o r i e s  o f  the r o l l i n g  and yawing motion of 
the a i rp lane  r e s u l t i n g  from abrupt apg l i ca t ion  of  the 
s l o t - l i p  a i l e rons  with a f l a p  s e l e c t o r  s e t t i n g  of 40' 
a re  compared i n  f igu re  20 with those f o r  a similar 
maneuver performed with the t ra i l ing- edge a i l e rons ,  f l ap s  
neu t ra l .  The comparison ind ica tes  t h a t  the lag i n  
r o l l i n g  response following cont ro l  displacement i s  not  
m a t e r i a l l y  g r e a t e r  w i t h  the s l o t - l i p  a i l e rons  than with  
the traZling-edge a i l e rons .  The r o l l i n g  angular ve loc i ty  
f o r  the t ra i l ing- edge  a i l e rons  reaches a maximurn value 
1 second a f t e r  the s t a r t  o f  the control  movement and 
t h e r e a f t e r  decreases s lowly .  W t h  the s l o t - l i p  a i l e rons ,  
however, the r o l l i n g  angular ve loc i ty  continues t o  in-  
crease s l i g h t l y  a f t e r  L second. T h i s  d i f fe rence  may 
ind lca te  a reduct ion i n  d ihedra l  e f f e c t  due t o  the f l a p s  
but  does not appear t o  be s u f f i c i e n t l y  g rea t  t o  cause 
par t icul-ar  d f f f i c u l t y  i n  handling the a i rp lane ,  The 
adverse yaw r e s u l t i n g  from a i l e r o n  appl ica t ion ,  a s  in-  
d ica ted  by the time h i s t o r i e s  o f  yawing angular velocity,  
i s  shown t o  be small i n  both  cases.  The angle o f  s ide-  
s l i p  developed i n  a given time following the appl ica t ion  
of the cont ro ls  i s  p r a c t i c a l l y  the same f o r  b o t h  con- 
d i  ti ons * 

Tn the opinion of the p i l o t ,  the  r o l l i n g  e f f e c t i v e-  
nesa o f  the s l o t - l i p  a i l e rons  i s  adequate f o r  a l l  condi- 
t ions  and he vvas not aware 01' any l a g  i n  the response t o  



cont ro l  manfpulation, The f a c t  t h a t  the va r i a t ion  o f  
s t i c k  fo rce  w i t h  control  displacement i s  n o t  uniform 
was not  consldered a ser ious  defec t ,  so long a s  the 
cont ro l  forces  d i d  n o t  a c t u a l l y  reverse.  YV- th  the 20° 
f 1 a . D  s e l e c t o r  s e t t i n g  the s t i c k  forces  were consldered 
t o  be t o o  g rea t  even a t  f a i r l y  xoderate speeds. The 
abruptness with whioh the change-over from one a i l e r o n  
system t o  the  o ther  occurs apparentxy caused the p i l o t  
no concern, 

Inasmuch as %he upward s l o t - l i p- a i l e r o n  deflecti-on 
required t o  give a 
s e l e c t o r  s e t t i n g  i s  only 30' ( f i g e  16j and a t  g rea te r  
flap s e l e c t o r  s e t t i n g s  i s  l e s s  than 300 (figs, 17 t o  191, 
the heavy s t i c k  forces  f o r  the 20° s e t t i n g  cci1.l.d be 
ma te r i a l ly  reduced bT decreasing the upward t r a v e l  o f  
the a i l e r o n s  f r o m  46' t a  30° and thereby increas ing  the 
r;riechanical advantage o f  the cont ro l  system. Computa- 
t i o n s  of s t i c k  forces  wexw therei'ore made f o r  both the 
o r i g i n a l  linkage sgst;em and an asswmd modified sys-l;em 
by use of hinge-moment-coefficient data obtained on 
s imi la r  a i l e rons  by the Douglas Aircraft Co., Inc.  The 
assm.ed. modification t o  the l inkage systex consis ted i n  
redlucj.ng the length  o f  the primary bell, cranks i n  the 
fuselage,  which transmit  the s t i c k  motion t o  the push- 
~ u l l  rods  between the fuselage axd the a i l e r o n s ,  The 
modlfied l inkage ''937stem gives the same dum t r a v e l  a s  the  
original- system - t h a t  i s ,  9" - but reduces the up t r a v e l  

pb/2V of  0.07 with the 20' f l a p  

t o  300. 

T%e var9ation of s t i c k  forces  w i t h  up-aileron 
defl3cctEon comnnutecl f o r  the o r i g i n a l  and modifier? con- 
t r o l .  s:pstems for a service fndEcated airsDeed o f  
ll9 miles Der hour with the 20° f l a p  se lec to r  s e t t i n g  
and f o r  a serv ice  indica ted  ai rspeed of  84 miles per 
h o w  with the 50° f l a p  s e l e c t o r  s e t t i n g  i s  shown i n  
f igu re  21, The computed r e s u l t s  f o r  the  20° f l a p  selec-  
t o r  s e t t i n g  with the o r i g i n & l  l inkage agree f a i r l y  
c l o s e l y  wi-th the experimental da ta  o f  f'fgur9 1 6 ;  b o t h  
computed and experimental da ta  g i v e  a 40-pound s t i c k  force 
a t  8n upward aileron.  def1eCtiGn o f  30'. The computed 
r e s u i t s  f o r  the rnodifi-ed control  system f o r  the same con- 
d l t i o n  indica te  a reduct ion o f  the s t i c k  force t o  
25 pomi?s; s imi la r ly ,  the s t i c k  fo rcs  l e s s  spr ing  force  
i s  reduced from 29 t o  1 9  pounds for  t;he 3D0 upward 
a i l e r o n  deflection, The ccnputed s t l c k  forces  f o r  the 
500 nominal f l a p  s e t t i n g ,  for which the overbalancing 
tendency i s  g r e a t e s t ,  i nd ica te  t h a t  the modlfied linkage 

' 



w i l l  s l i g h t l y  reduce the s t i c k  forces for t h i s  condi- 
t i o n  but  that th3 . sp r ing  force wi . s t i l l  prevent 
overbalance a t  speeds a t  l e a s t  as  low a s  8b miles per  
hour . 

Raximwn L i f t  Co6ff ic ients  and S t a l l i n g  Charac te r l s t i c s  

'The maximurn l i f t  c o e f f i c i e n t s  obtained with the  f u l l -  
span s l o t t e d  f l a p s  a re  p l o t t e d  aga ins t  flay, de f l ec t ion  i n  
fLgure 22. The r e s u l t s  of  severa l  t e s t s  sovering the 
condit ions of' landing gear extended and r e t r a c t e d  and 
cockpit  hood open znd closed axle given f o r  each f l a p  de- 
f l e c t i o n ;  although there 1 s  some v a r i a t i o n  i n  the values 
obtained from t h a  d i f f e r e n t  t e s t s ,  the var ia t ion  does 
no t  appear t o  be r e l a t e d  t o  the yosf t ton  of the landing 
gear o r  hood 'Tlierc is  a p a s s i b f l i t y  of some erroi- i n  
es t imat ing the welght o f  the a i rp lane  f o r  individual  
t e s t s ,  whfch may contrfbute  t o  t i i i s  var ia t ion;  i t  i s  
unl ikely,  however, t h a t  the error f r om this source i 
the  average value o f  Inaxinim 1 L f t  c o e f f i c i e n t  f o r  a 
f l a p  pos4.t;ion exceeds 1 o r  2 percant. The maximum l i f t  
c o e f f i c i e n t  a t t a i n a b l e  und.ep the  bas ic  cocdi t ion o f  the 
t e s t s  - t h r o t t l e  closed., engene i d l l n g  - fs shonn t o  
occur a t  a f l a p  de f l ec t ion  o f  400 and $0 have srn average 
value af about  2,43, wMch represent8 an increment o f  0.88 
over the average f laps- neut ra l  rnaxfrnvx~ l i f t  c o e f f i c i e n t  
of 1.55 o 

W.~d.rtixt-ineI t e s t s  (wzpublfshed) o f  a l /a-scale model 
of  the  F2A-2 a i rp lane  wj.th fu l l- span s l o t t e d  f l a p s ,  
propel le r  windmilling, gave an increment o f  about 1.00 
(correcked t o  t r imTed  conditfons) with a i kOo  f l a p  def lec-  
t ion .  It i s  pointed out t h a t ,  i n  til3 f l i g h t  t e s t s ,  the 
Reynolds nurrzber w a s  lower with f laps down than with f l a p s  
u?. This f a c t  explains  a sonewhat smaller increment o f  
maximum l i f t  than was obtained i n  the .wind-tunneI t e s t s ,  

tions. There a re  a l so  other  f a c t o r s ,  such as propel le r  
e f f e c t s  and the ei ' fect ,  i n  P l ight ,  caused by the varying 
angle of a t t ack ,  t h a t  introduce some txncertainty i n  the 
comparison of maximum l i f t  c o e f f i c i e n t s  frorn f1igh.t and 
wtnd-tunnel t e s t s ,  The e f f e c t  OS varying angle o f  a t t a c k  
was inves t iga ted  i n  wind-tunnel t e s t s  reported i n  
re ferenix  5 and i t  was found t h a t  a r t ? l a t ive ly  small r a t e  
of increase o f  angle o f  a t t a c k  gave an appreciaSle in-  
crease i n  the maximum l i f t  c o e f f i c i e n t .  %e r e s u l t s  o f  
the ppesent t e s t s  ind tca ted  t h a t ,  i n  general ,  the r a t e  
o f  increase i n  angle of a t t a c k  a t  the stall, was g rea te r  

I f o r  which the Reynolds number was the same i n  b o t h  condi- 



w i t h  f l a p s  down than with f l a p s  up. With a given f l a p  
s e t t f n g ,  the r a t e  o f  change o f  angle o f  a t t ack  varied 
r a t h e r  widely between d i f f e r e n t  t e s t s  - f rom 0 . 1 2 O  t o  
O.,!.i.rO per second w i t h  f l a p  n e u t r a l  and from O , 2 5 O  t o  
1.000 per  second w i t h  a f l a p  s e l e c t o r  s e t t i n g  o f  
but  there  was no indica t ion  o f  a cons is ten t  va r i a t ion  of 
maximum l i f t  coe f f i c i en t  with r a t e  o f  change o f  angle of  
a t t ack .  

- 

The presence o f  extreme e l a s t i c i t y  i n  the cont ro l  
system of the  t ra i l ing- edge  a i l e rons  introduced the pos- 
s i b f l i t y  t h a t  the a i l e rons  might f l o a t  up considerably 
w i t h  the f l a p s  def lec ted  and reduce the maximum l i f t  coef- 
f i c i e n t s  a t t a i n a b l e  , The positi-on of  the a i l e rons  was 
therefore  measured with seve ra l  f l a p  de f l ec t ions  and the 
r e s u l t s  a re  presented i n  f igu re  23* These r e s u l t s  i n r  
d ica te  t h a t  the cieflection o f  the a i l e rons  a t  t h e  s t a l l i n g  
speed does not exceed! 2- f o r  nominal f l a p  def lec t ions  up 
t o  l$Oo and therefore  probably has no mater ia l  e f f e c t  on 
the maximum l i f t  c o e f f i c i e n t s  . 

10 
2 

P i l o t f s  observations ind ica te  that  w i t h  engine i d l i n g  ' 

the s t a l l f n g  c h a r a c t e r i s t i c s  o f  the a i rp lane  with flaps up 
are b e t t e r  than average f o r  a f i g h t e r  type. In  th i s  con- 
d i t i o n  t a i l  buf fe t ing  provides a d e f i n i t e  warning of  
s t a l l ,  the r o l l - o f f  a t  the s t a l l  i s  r e l a t i v e l y  mild, and 
the a i rp lane  read-ily recovers with  normal manipulation o f  
the control-s. The s t a l l i s g  c h a r a c t z r i s t i o s  become pro-  
g ress ive ly  worse, however, with increas ing  f1a.p def lect ion.  
There i s  l i t t l e  o r  no warning; the r a t e  o f  roll-off' a t  the 
s t a l l  increases ;  and, w i t h  the l a r g e r  f l a p  def lec t ions ;  
the a i rp lane  assumes a very s teep  nose-down a t t i t u d e  with 
the r e s u l t  t h a t  there  i s  a r e l a t i v e l y  la rge  loss of 
a l t i t u d e  before recovery can be e f fec ted .  

Longitudinal S t a b i l i t y  and C o n t r o l  

The fzxedrcontrol ,  s t a t i c  longf tud ina l - s t aS i l i ty  
c h a r a c t e r i s t i c s  o f  the  a i rp lane  with the center  o f  g r a v i t y  
a t  30.4 percent 51.R.C. a r e  ind ica ted  i n  f i g u r e  24 f o r  all 
f l a p  s e t t i n g s  by p l o t s  of e l eva to r  d e f l e c t i o n  required 
f o r  trim a g a i m t  service  indl.cated a i r speed ,  With engine 
i d l i n g ,  the a i rp lane  i s  s t a b l e  with a l l  f l a p  s e t t i n g s .  
Wi%h l e v e l - f l i g h t  power, the  s t a b i l i t y  i s  considerably 
l e s s  than for the engine- idling condit ion but remains 
pos i t ive  f o r  f l a p  s e l e c t o r  s e t t i n g s  u 
300. 'Jt'fth nominal flay, s e t t i n g s  o f  and 50°, the 

t o  and including 



a i rp lane  becomes unstab3.e w i t h  l e v e l- f l i g h t  power when 
the service  indicated aj rspeed i s  decreased t o  l e s s  than 
about 100 miles per hour. 

plane w i t h  engine i d l i n g  increases  a r e l a t i v e l y  small 
amount as the f l a p  i s  def lec ted  and i n  no case exceeds 
aSout 140. 

figure 24 as an indica t ion  of' the cont ro l- f ree  s t a b i l i t y  
c h a r a c t e r i s t i c s .  With f l a p s  neu t ra l  f o r  b o t h  engine- 
i d l i n g  and l e v e l - f l i g h t  power condit ions,  the s t i c k  
force changes from a pull t o  a push force a s  the  a i r -  
speed i s  increased through the t r i m  speed, which ind i -  

ava i lab le  f o r  t be  smaller  f l a p  de f l ec t ions  but ,  with a 
flap s e l e c t o r  se t t i r?g  o f  l.{qOo, i t  i s  shown t h a t  the aTp- 
plane i s  unstable w i t h  cont ro ls  f r e e  f o r  the l eve l-  
f l i g h t  power condit ion,  probably a t  all speeds below 
about 100 miles p e r  hoinr. 'The curve of s t i c k  force  f o r  
l e v e l- f l i g h t  power for the 590 nominal f l a p  s e t t i n g  
ind ica tes  control- free  EnstaSSlfty a t  all speeds up t o  
a t  l e a s t  130 m i l e s  per hour, The s t ick- force  curve 
given f o r  the .eng9ne-idling condi t ion w i t h  the ' j O O  
naxinal  f l a p  s e t t i n g  does n o t  Include a-trimmed dondi- 
t i o n  within the speed range, covered and therefore  does 
n o t  show d i r e c t l y  whether the a i rp lane  i s  s t ab le  o r  
unstable f o r  these condit ions,  If i t  can be assumed, 
however, t h a t  the change in s t f c k  force due t o  a 
change i n  trim- tab sett i .ng i s  p r o p o r t i o n a l  t o  'the square 
o f  the velocity,  then the shape o f  th i s  curve ind ica tes  
positXve control- free  s t a b i l i t y .  

shown i n  f igure  24 f o r  the neu t ra l  p o s i t i o n  and the 
nominal 5G0'posi t ion o f  the Slaps. With the f laps up, 
the trim-force change i n  going from engine- idling t o  
1 m l - f l i g h t  power i s  from 2 t o  3 pounds i n  the speed 
range t e s t ed .  Yith the f l a g  s e l e c t o r  s e t t i n g  of 50°, 
the*- trfrn-force change between engine-idling and l eve l-  
flight - pQwer condit ions i s  between 8 and 11 pounds. 

3 .  The change i n  .el.evator s t i c k  force required t o  
.maint;aIln t r i m  wi th ' f ixed  tabs  'when the  f l a  s a r e  de'- 
fleeted i s  shown i n  f igure  25 f o r  Vis = s( miles per 

. W r  w i t h  engine i d l i n g  and with power f o r  l e v e l  f l i g h t ,  
. f laps ,  up, The maximum trim-force change with f l a p  

The e l eva to r  de f l ec t ion  requfred t o  B t a l l  the a i r-  

Some e leva tor  s t ick- force  data are  Lncluded i n  

. ca tes  pos i t ive  control- free  s t a b i l i t y ,  No da ta  arc  

The e l eva to r  trim-force change due t o  power i s  a l so  



posl.tion occurs a t  a defleckion of  about 40" and, f o r  
the speed represented,  mounts  t o  8 pounds with en&ine 
idlfnly and to  6 pound3 with'power f o r  l e v e l  f l i g h t ,  
f i . q s  up. 

'1 The p r f n c i p a l  resiilts or" ths flight t e s t s  of a Navy 
?2L-2 drp lax ie ,  eqiilpped w i + , h  fu l l- span NASA s l o t t e d  
f'1.a.p~ a& iu' . t l? a dcuble system of'  i n t e r n a l l y  balanced, 

I .  t I - 2  il'i.n~;-ed~;Se a1".23roj3s and. s l o t - l i p  a i l e rons ,  a re  sum- 
r;lxrLz?d as I"olf.c,-J:s : 

1. T ? e  e;'i'ect;iveness of the t ra i l ing-edge-  
3 l l ~ ~ o 2  i n s t e ? - l z t l o n  was unss t i s fac to ry ;  with f u l l  s t i c k  
t m.ve 1, the mA:<i?l?wri valne 8 o f  vut,nG.- t i p  h e l i x  angle ob- 
ts?ned were O , P 6 5  ;t a serv ice  indicated ai rspeed of 
90 i r i les  per hour ~ n d  0 . 0 5 O  a t  216 miles p e r  hour.. 

2 .  Ths ?.ow ef fec t iveness  cIf these ailerons 
i s  a t t r j b u t e d  t o  the  extreme e l a s t i c  d-eformation i n  the 

L e n  under l o a d ,  

3. ?he s t i c k  forces  were excessive a t  high 
speeds. It W E L S  estimated thz t  a t  a sepvice indica ted  
atlaspeed o f  200 xdtes  psi* houx, ( 8 0  percent; of maximwn 
lovel-fJ..fpht speed}, i f  the e f fec t iveness  were n o t  
lim5-ted by deformation of the cont ro l  system .Lxnder load, 
t'nq s t f c k  force required to gfve a value of  wing-tlp 
h e l i x  angle of 0.3'7 would be about 45 pounds 

balance cavsed b y  gaps i n  the a i l e r o n  s e a l s  a t  the hinge 
brackets  m a y  be, respcnsible  for the high s t i c k  forces ,  

torque tubes i n  the a i l e r c n  control  system, increasing 
the no- load 'def lec t ion  range o f  the a'ilsrons t o  about 
C20°, and more ef ' fsc t ively ssalfng the ailerons might make 
the a i l e r o n  c h a r a c t e r i s t i c s  sa t e  s fac tory .  

. .  

4. A reduction i n  the e f f e c t  o f  tlie i n t e r n a l  

5 .  Tncreasing the torsional s t i f f n e s s  of the 

S lo t- l ip- a i l e ron  c h a r a c t e r l s t i c s  : 

I, The effect iveness - of the s l o t - l i p  a i l e r o n s  
was adequate for all c o a d i t i b n s  tested-; ths maximum 



values o f  wfng-tip h e l i x  angle obtafned increased pro- 
gressi:rely with f l a p  d e f l e c t i o n  f rom 0.085 a t  a f l a p  
s e l e c t o r  s e t t i n g  o f  ZOO t o  0.130 a t  a f l a p  s e l e c t o r  
s e t t i n g  o f  c ,oO.  

system of the s l o t - l l p  a i l e rons  'to prevent overbalance 
o f  the stleck forces  a t  low speeds, p a r t i c u l a r l y  w i t h  the 
l a r g e r  f l a p  de f l ec t ions  

2. Springs were required i n  the cont ro l  

3. The va r i a t ion  of s t i c k  force w i t h  cont ro l  
de f l ec t ion  was a o t  uiriform but the p i l o t  d id  no t  con- 
s i d a r  this  c h a r a c t e r l s t i c  a ser ious  defect  so  long as  
the force always tends t o  r e t a r n  the s t i c k  t o  n e u t r a l .  

14. '8i.th the 200 nomlncil flap s e t t i n g ,  the 
s t i c k  forces  (irlcluding spr ing Some) became t o o  heavy 
a t  moderate speeds;  f o r  example, a t  a service  indicated 
aii-s-oeed of 119 miles per liou.r, the i?ome required t o  
give a value of w i n g - t i p  he1i.x angle o f  0.07 w a s  between 
35 and 40 pounds. It i s  indicated f rom ca lcu la t ion ,  
however, %hat the  s t i c k  f o x e s  f a r  th i s  condi t ion could 
be m a t s r l a l l y  reduced (from 40 t o  25 Ib a t  ll9 mph) by 
modifying the control  linkage system t o  reduce the f u l l -  
d e f l e c t i o n  up-aL'Leron t r a v e l  from 46' t o  30°, which i s  
s u f f i c i e n t  t o  give a wing-tip h e l i x  angle o f  a t  l e a s t  
0.0'7 w i t h  a l l  f l a p  s e t t i n g s  involvinz -ase of  the s l o t - l i p  
a i l e rons  

5 .  The l a g  in the response o f  the r o l l i n g  
motion t o  comtrol. application.  dfdi not  appear t o  be 
m a t e r i a l l y  g rea te r  for the s l o t - l i p  a i l e rons  than f o r  
the t raf l fng-edge ail.-:.pons and was not  not iceable  t o  the 
p l l o t  . 

Xaximwn l i f t  c o e f f i c i e n t s  and s t a l l i n g  character-  
i s t i c s :  

I, The h ighes t  value o f  m a x i m u m  l i f t  coef f i -  
c l e n t  obtained with engine i d l f n g  was .2./+3; t h i s  value 
represents  an increase o f  0.88 over the value obtained 
with f l a p s  n e u t r a l .  

2 .  The highedt value o f  maximum l i f t  coe f f i-  
c i e n t  occuryed a t  a f l a p  de f l ec t ion  of  4.0'. 

3. The s t a l l i n g  c h a r a c t e r i s t i c s  o f  the  a i rp lane  
were good with the flaps up but  became progressively worse 
as the f'lapg m r e  de f l ec ted ,  



Longitudinal s t a b i l i t y  and control  (center  of 
8;ravity a t  30.4 percent M , A . C . ) :  

1. With engine i d l ing ,  the a i rp lane  had posi-  
t i v e  s t a t i c  s t a b i l i t y  with cont ro ls  f ixed,  f o r  a11 f l a p  
pos i t ions .  

2 .  With l e v e l- f l i g h t  power the s t a b i l i t y  w a s  
considerably reduced but remained pos i t ive  f o r  all f l a p  
s e l e c t o r  ' s e t t i n g s  up t o  and including 30'; w i t h  40' 
and 50° nominal f l a p  s e t t i n g s ,  the a i rp lane  was unstable 
a t  serv ice  indica ted  ai rspeeds below about 100 rnliles per  
hour 

3.  The e l e v a t o r  d e f l e c t i o n  required t o  s t a l l  
the a i rp lane  w i t h  engine i d l i n g  increased a r e l a t i v e l y  
small amount when the f l a p  w a s  def lec ted  and i n  no case 
exceeded lL0, 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Fie ld ,  Ya. 



20 

REFEBZNCES 

1, a o g a l l o ,  Francis E., and Spano, S a r t h a l o m e w  s . :  
Wind-Tunnel Investigation o f  a Plain a n d  a S l o t -  
L i p  A i l e r o n  3 n  a Wing ihith a Tull-Spap Blotted 
F l a p .  PJACA ACR, A p r i l  1941. 

2, Wenzinger, Carl S , ,  and ETarris, Thomas A . t  Wind- 
Tunnel Investigation o f  an R . B , C . A .  23012 Airfoil 
with Tartous .B;rangements of Slotted F l a g s ,  Rep. 
30. 664, WACA, 11333. 

3 .  Gilruth, R. E,: Bequireneats for Satisfactory Fly- 
ing Qualities of Airplanes. N h C A  ACR, April 1941. 
(Classification changed- t o  '!Restricted." Oct. 1943. 

4. Williams, 'vu'. C. I and K P e c k n e r ,  9. F.! A Flight 
Investigation of Internally Salansed Sealed 
Ailerons. X A C A  ARB,  Dee .  1941, 

5, Silverstein, & b e ,  Eatzoff, S . ,  and Hootman, James Ae: 
Comparative Flight and Full-Scnle Wind-Tunnel 
Keasurements of the #axim~~m Lift o f  an A i r p l a n e ,  
Rep;-50, 63.8, N X C A ,  1938. 



NACA Fig. 1 

a 
a, 
c, 
U 
cd 
k 
4 
a, 
k 

6, 
cd 
4 
6( 

a 
aJ 
4 
4 
0 
4 
m 

c 
cd a 
rn 
I 
4 
1 
3 
k 

s 
c, 
.-I 
3 
a, c 
cd 
1 
P, 
k 
.-I 
cd 

c\l 
I 
4 cv 
r;, 
k 
0 

3 
a, 
.-I 
P 

c, 
c 
0 
k 
6( 

k 
a, 
4 
k 
cd 
3 
e 
1 
a, 
a, 
k s 
E 

I 

l-4 

aJ 
tc 
3 
ho 
.-I 
6; 



NACA Fig. 2 



'Fig. 3 N A C A  



NACA Fig. 4 

c 
cd a 
ra 
I 

io'z 
I 



Fig. 5 

P 

I 

.) 

rn 
8 
rl 
4.1 



XACA Fig. 6 



Fig. '7 

0 

f 

50 

3 



NACA Fig. 8 



Fig. 9 

29 

10 

13 

- 10 

-20 

30 
0 la 

0 4  R 

-30 
-20 -10 

Lef t  
10 20 

Right 
S t i c k  pos i t i on ,  deg from oeutral 

Figure 9.- ilelatiorr betweer, t ra i l ing-e~ge-ai ieroc  d e f l e c t i m s  arid 

settings of 00 o r  100. S t i c k  lengtk, 19.3 inches; .F,%-2 a irplane.  
s t ick  i)r jsi t io: l  with 33 l o a 3  OD syston; and f l a p  se l ec to r  
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L&f t Right 
Stick position, deg f rom neutral 

Figure 10,- Relation between slot-lip-aileroa deflection aad stick 
position with no load on system and f l a p  selector set- 

tings of 20°, 30°, 40°, or SOo. Stick length, 19.0 inches; F2A-2 
airplane, 



Fig. 11 
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5t;Lck p o s i t i o n ,  dag frcm neutral 

Figare 12 .- 3elat;i.on between e l eva to r  deflection and stick 

down. Stick le?ngt;i, 19.9 i nches :  224-2 airplane. 
p o s i t i o i i  with 20 loa4 o:il system and f l aps  up o r  
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Figurd 15.- TarBaticrn of ai lcroi l  deflection, offectxvGness, and stick 

forcs . Intarnally Saianccd, trailing-cdgz ai lcrons  ; lwel - f l igh t  
power; F a - 2  airTlans. 
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Figura 22,- Comp~~ison of motion o f  F2A-2 airplane resulting f r o a  

edge ai lerons.  Zovel-fl i&t power. 
abrup t  ap;?lication o f  s lo t- l ip  ailerons and o f  trailing- 
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A i l w o n  doflaction f s x a  t r i m ,  dcg 

Fig-U??E: 21.- Compted v a r i a t i o n  o f  s t i c k  force wiCh up-deflccticn of 
r igh t  a i le ron f o r  original and assuxd modified con t ro l  

systoms. Slot- l ip  a i le rons ;  noginal flap settinge or" 20° and 500; 
F2A-2 airplane a 
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B’igure 22.- Variatiox of maximum lift coefficient with deflecG 
tion of fu1l-spa:l slotted flaps. Engine idling; 

E a - 2  airplane. 
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Figure 25.- Variation of elevator stick force required for trim 

flight; service indicated airspeed, 94 mph; c.g. at 30.4 percent 
M.A.C.; landing gear up; F2A-2 airplane, 

with deflection of full-span slotted flap, Steady 


